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Abstract 
Technology can play an important role in mathematics education. It allows to better capture the attention of the students and 
enables them to better understand and master mathematical concepts. One of the most powerful computer programs that can 
assist us in the teaching of mathematics is Maple. Maple provides opportunities to explain classical mathematical concepts in a 
practical and effective way. Maple’s effectiveness stems from its capacity to help visualize concepts and to solve complex 
problems which are difficult to be solved by hand. This effectiveness will be illustrated with three important topics in Calculus: 
Newton’s Method, Riemann sum and the solid of revolution. The limitation of Technology is also discussed: while a program 
like Maple is very helpful, it cannot replace theory. Students must still understand all the theory behind the all pictures and must 
still practice all mathematics in traditional way. 
© 2010 Published by Elsevier Ltd. 
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Introduction 
As  “A picture is worth a thousand words” we encourage the integration of Technology in Mathematics 
Education. The use of Technology in education offers a better learning and keeps students focused when the concept 
is difficult or the computation by hand is complicated. One of the most powerful computers System that can assist us 
in the teaching of mathematics is Maple. Maple is a Wonderful tool that can perform numerical computations, 
manipulate  symbolic  expressions  and  plot  graphs.  The  aim  of  this  presentation  is  to  present,  using  Maple,  three  
important topics in Calculus: Newton’s Method, Riemann sum and the solid of revolution.  
 
1. Newton’s Method 
 
The Newton’s Method, named after the mathematician Isaac Newton in 1669, is a procedure for solving 
equations by successive approximations. Suppose we want to find the roots of a certain function f .  The idea of the 
Newton’s Method is to start with an initial value 0x  close  to  the  true  root,  then  use  the  tangent  line  at  0x  to 
approximate the function f .  
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If 1x  is the point of intersection of this tangent line with the x axis then 1x  is given by  
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We again apply Newton's method to the tangent line at 1xx   . We repeat this process until we get the root to the 
desired accuracy. The general formula for getting approximate roots ,....,,, 3210 xxxx   is given by 
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This formula allows us to perform and implement Newton’s Method using Maple since computing successive roots 
by hand typically tedious and too long.  
 
Example:  Use  Maple  to  find  the  real  zero  of  the  function 1)( 3  xxxf . Take 10  x  as  a  starting  
approximation of the root. 
 
Solution: 
 
 
The equation of the tangent line )(xN  is given by: 
   
 
 
   
 
 
 
 
 
The last two values give the zero of )(xf correct up to 4 digits. 
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When we use Maple’s command solve we get 
 
 
                               
 
To get the real root only we use fsolve 
 
 
 
 
Teaching Newton’s method this way allows the teacher to communicate to the students the usefulness of 
mathematics, the power of Computational Algebraic System like Maple and the fact that maths can be used to solve 
very practical problems. Students often don’t understand that there isn’t a formula for everything! While the roots of 
polynomials of degree two or three can be calculated using simple formulae, this is not the case for most functions. 
With such Newton’s method, students can understand the power of numerical techniques. They can also be 
introduced to beautiful mathematics and be explained that one can actually prove that there is no “simple formula” 
for finding the roots of polynomial of degree 4 and above. It is an occasion for the instructor to explain to the 
students some of the beauty and power of mathematics. 
 
2. Riemann Sum 
 
Riemann sum is a method for approximating the area of the region between the graph of a function  and the 
x-axis. The method was named after the German mathematician Bernhard Riemann and consists on subdividing the 
area under the curve in  subintervals of equal length. The area under the curve is given by the sum of the areas of 
the rectangles in each subinterval. 
 
Example:  
Estimate de area under 2)1()(  xxf  on the interval ]3,0[ using Riemann Sum. Use Maple to calculate this 
sum and to visualize this area. Subdivide the interval into 10 subintervals. 
 
Solution:  
First we need to define the function  in Maple and download the package student using the command with. This 
package allows us the use of the commands leftbox, leftsum,rightbox, rightsum, middlebox and middlesum. 
After we subdivide the interval ]3,0[  into 10 subintervals of equal length, we get three possibilities: 
 
a. Left: The height of the rectangles in each subinterval to be used for the area is the value of the function at the 
left of each subinterval. We then use the command leftbox to get the graphic of Riemann sum. And the leftsum 
command to get the value of this sum. 
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        As we can see on the graph this sum underestimates the area. 
 
b. Right: The height of the rectangles in each subinterval  to be used is  the value of the function at  the right point  of each 
subinterval. We then use the command rightbox to get the graphic of Riemann sum. And the rightsum command to get the 
value of this sum. 
 
       rightbox(  
 
 
 
 
 
 
       
         
 
        
 
      As we can see on the graph this sum overestimates the area. 
 
c. Middle: The height of the rectangles in each subinterval is the value of the function at the midpoint of each 
subinterval. We use the command middlebox to get the graphic of Riemann sum. And the middlesum command 
to get the value of this sum. 
 
 
                       
 
 
 
 
 
        
 
           
 
         For this example, the middle sum is the best choice for approximating the area 
The Riemann sums perfectly show how technology can sometimes better illustrate some difficult concepts than 
any humane can. This is also true for plenty of other examples. In particular a software like Maple is very good in 
problems involving a geometric aspects, such as double integrals, finding the volume between surfaces, etc. 
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3. Solid of Revolution 
Solids of revolution are created by rotating curves in the x-y plane about an axis, generating a three dimensional 
object. The specific properties of them that we wish to study are their graph and volume.      
Maple will be used in this part to design shapes by revolving suitable functions about x-axis or y-axis.  We first need 
to download the package student[calculus1 ] then we use the command VolumeOfRevolution to design the desired 
shape.  
 
 
 
Fucntion Simple plot of the graph of the function Solid obtained by revolving the function 
about x or y axis 
 
 
 
 
 
plot(h(x),x=-10..10,y=-2..2,thickness=2,color=blue)    
 
        
 
 
 
 
 
plot(k(x),x=20..25,y=0..15,thickness=3,color=blue)    
 
 
 
 
 
 
 
          
  
 
        
 
I have had a real success while teaching this to my students in architecture. They were really interested and wrote 
really nice projects that they took very seriously. Without a doubt, Computational Algebraic Systems like Maple can 
be really cool! Some other very interesting examples are given in the website: http://demonstrations.wolfram.com. 
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Conclusion: 
 
The use of Maple can be very helpful and allows for increased visualization and better understanding of difficult 
concepts. It can be motivating for the students who have fun designing their home shapes and objects using the 
volume of revolution for instance. It shows the students that powerful numerical techniques can sometimes be 
implements very easily with Maple. In the case of the Riemann sums, Maple provides the perfect illustration of the 
concept. Our three examples illustrate how Maple can facilitate teaching mathematics in the following three 
manners: a Computational Algebraic System like Maple together with mathematical tools can really help solving 
practical problem such as finding the roots of an equation. Maple can also very well illustrate mathematical concepts 
such as integration. Finally, Maple can be stimulating and fun by producing cool visualizations. 
However Maple or any other technology cannot replace theory. Students must still understand all theory behind all 
the pictures by practicing mathematics fundamentals. As it was stated by National Council of Teachers of 
Mathematics: 
 
“Technology is essential in teaching and learning mathematics, it influences the mathematics that is taught and 
enhances students’ learning…but Technology should not be used as a replacement for basic understandings and 
intuitions; rather, it can and should be used to foster those understandings and intuitions” (NCTM 2000, 
Technology section). 
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